DUPLEXER WITH A DIFFERENTIAL RECEIVER PORT IMPLEMENTED 
USING ACOUSTIC RESONATOR ELEMENTS 



5 BACKGROUND 

The present invention concerns circuits used for communication 
systems and pertains specifically to a duplexer with a differential receiver 
port implemented using acoustic resonator elements. 

For applications such as cellular phones, it is desirable to reduce the 
10 size of components. Particularly, it is desirable to integrate RF duplexers 
and filters as part of a radio-on-a-chip with a readily manufactured 
technology. 

Acoustic resonator elements have been used to implement filters. One 
advantage of using acoustic resonator elements is that the speed of sound is 

15 approximately three or four orders of magnitude smaller than the speed of 
light, making the wavelengths, and thus the dimensions of a device, small 
compared with conventional (L-C) tank circuits. 

Currently available duplexers using acoustic resonators such as 
surface acoustic wave (SAW) elements or film bulk acoustic resonator 

20 (FBAR) are fiiUy single ended. Such duplexers generally require that the 

receive (Rx) filter present a short circuit at the transmit (Tx) band frequency. 
This short circuit is transformed into an open circuit through the utilization 
of a quarter wave transmission line. The short circuit, in practice, is more 
capacitive than desired, and the quarter wave transmission line can be 

25 modified to account for this imperfection. The end result is still an open 

circuit at the transmit band frequency. This prevents the receive filter from 
loading the transmit path. Similarly, the transmit filter presents an open 
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circuit at the receive band frequency, directly. This is accomphshed by 
starting with a series resonator. 

5 SUMMARY OF THE INVENTION 

In accordance with the preferred embodiment of the present 
invention, a duplexer is presented. The duplexer includes an input/output 
line, a receive segment and a transmit segment. The transmit segment is 
connected to the input/output line. The receive segment includes a balun 

10 and a differential filter. The balun includes a first output, a second output, a 
first transmission line and a second transmission line. The first 
transmission line is connected between the input/output line and the first 
output. The second transmission line is connected between the input/output 
lin e and the second output. The differential filter is connected to the first 

15 output and the second output. The differential filter shorts the first output 
and the second output at transmit band frequencies of the duplexer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a simplified block diagram of a duplexer that includes a 
20 single-ended filter on the transmit side and a balun with a differential filter 
on the receiver side in accordance with a preferred embodiment of the 
present invention. 

Figure 2 is a simplified block diagram of an example single-ended 
filter on the transmit side of the duplexer shown in Figure 1 in accordance 
25 with a preferred embodiment of the present invention. 
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Figure 3 is a simplified block diagram of an example differential filter 
on the receive side of the duplexer shown in Figure 1 in accordance with a 
preferred embodiment of the present invention. 

Figure 4 is a simplified block diagram of another example differential 
5 filter on the receive side of the duplexer shown in Figiire 1 in accordance 
with a preferred embodiment of the present invention. 

Figure 5 is a simplified block diagram of another example differential 
filter on the receive side of the duplexer shown in Figure 1 in accordance 
with a preferred embodiment of the present invention. 
10 Figure 6 is a simplified block diagram of an alternative embodiment of 

a balun. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 
Figure 1 is a simplified block diagram of a duplexer 10. Duplexer 10 
15 includes a single-ended filter 17 on the transmit side. Duplexer 10 includes 
a balun 15 and a differential filter 16 on the receiver side. 

Data to be transmitted is placed on input 14 of single-ended filter 17. 
Transmitted data leaves duplexer 10 on an input/output 11. Single-ended 
filter 17 has two response regimes, the pass-band and the reject band(s). In 
20 the pass-band, single-ended filter 17 has the characteristic impedance 

(symbolized by Zo) of duplexer 10, the system in which single-ended filter 17 
is embedded. This is typically lOQ. to 300Q for high frequency (greater than 
one gigahertz (GHz)) radio assemblies. In the reject band, single-ended filter 
17 is much different impedance than the characteristic impedance. Thus, 
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the pass-band frequencies are allowed to continue, the reject band 
frequencies are halted. 

In the preferred embodiment, single-ended filter 17 presents an open 
circuit at the receive band frequency and has a passband centered at the 
5 transmit band frequency. In a typical application in which duplexer 10 is 
used, the receive band frequency varies by only about four percent from the 
transmit band frequency. Thus, for example, when the receive band 
frequency is 1.930GHz to 1.990GHz, the transmit frequency is 1.850GHz to 
1.9910GHz, respectively. 
10 Balun 15 includes a transmission line 18 and a transmission line 19. 

For example, transmission line 18 has a length that provides approximately 
a one quarter wavelength 0J4) phase shift for the receive band frequencies. 
Transmission line 19 has a length that provides approximately a three 
quarter wavelength (3X/4) phase shift for the receive band frequencies. This 
15 balun provides a differential signal between an input 31 and an input 32 of 
differential filter 16. Input 31 of differential filter 16 is at a first output of 
balun 15. Input 32 of differential filter 16 is at a second output of balun 15. 

Differential filter 16 is a bandpass filter with a bandpass frequency 
centered arotmd the receive band frequency. At the receive band frequency, 
20 a passband is created between inputs 31 and 32 of differential filter 16 and an 
output 12 and an output 13 of differential filter 16. At the transmit band 
frequency, differential filter 16 is a short circuit between input 31 and input 
32 or, depending upon the implementation, provides a short circuit from 
input 31 to a reference voltage and from input 32 to the reference voltage. 
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At the transmit band frequency, the short circuit provided by 
differential filter 16 is transformed into an open circuit through the 
utilization of transmission line 18 and transmission line 19. 

As is known by persons skilled in the art, transmission lines can be 
5 used to transform from one impedance to another. A shorted shunt 

transmission line of a given length, can transform the impedance between 
the characteristic impedance (Zo) and a short circuit, varying smoothly with 
frequency. The short circuit provided by differential filter 16 for the transmit 
frequency, in practice, is more capacitive than desired, and the 
10 transmission line can be modified to account for this imperfection. The end 
result is still an open circuit at the transmit band frequency. This prevents 
the differential filter 16 firom loading the transmit path. 

Figure 2 is a simplified block diagram of an example implementation 
of single-ended filter 17. Singled ended filter 17 is shown to include an 
15 acoustic resonator element (ARE) 21, an acoustic resonator element 22, an 
acoustic resonator element 23, and an acoustic resonator element 24. For 
example, each acoustic resonator element is a film bulk acoustic resonator 
(FBAR). Alternatively, each acoustic resonator element can be another type 
of acoustic resonator element such as a surface acoustic wave (SAW) 
20 element. The example implementation of single-ended filter 17 is a half 

ladder structure with two half ladder segments. The first segment includes 
ARE 21 and ARE 22. ARE 22 is connected to a reference voltage 55. The 
second segment includes ARE 23 and ARE 24. ARE 24 is connected to 
reference voltage 55. Single-ended filter 17 could be implemented differently. 
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For example, single-ended filter 17 could include more or fewer half ladder 
segments. 

Figure 3 is a simplified block diagram of an example implementation 
of differential filter 16. Differential filter 16 is shown to include an acoustic 
resonator element (ARE) 33, an acoustic resonator element 34, an acoustic 
resonator element 35, an acoustic resonator element 36, an acoustic 
resonator element 37, an acoustic resonator element 38 and an acoustic 
resonator element 39. For example, each acoustic resonator element is a 
film bulk acoustic resonator (FBAR). Alternatively, each acoustic resonator 
element can be another type of acoustic resonator element such as a surface 
acoustic wave (SAW) element. 

The implementation of differential filter 16 shown in Figure 3 
includes a paired half ladder segment that includes ARE 33, ARE 35, ARE 
34 and ARE 36. ARE 33 and ARE 34 are both connected to a reference voltage 
30 as shown. A paired half ladder structure is a structure in which at least 
one acoustic resonator element is connected between a first input and a first 
output of the structure, at least one acoustic resonator element is connected 
between a second input and a second output of the structure, at least one 
acoustic resonator is connected in a shunt connection between a reference 
voltage and one end of an acoustic resonator connected between the first 
input and the first output of the paired half ladder structure, and at least one 
acoustic resonator is connected in a shunt connection between the reference 
voltage and one end of an acoustic resonator connected between the second 
input and the second output of the paired half ladder structure. 
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The implementation of differential filter 16 shown in Figure 3 also 
includes a full ladder segment that includes ARE 37, ARE 38 and ARE 39. A 
fiill ladder structure is a structure in which at least one acoustic resonator 
element is connected between a first input and a first output of the structure, 
at least one acoustic resonator element is connected between a second input 
and a second output of the structure, and at least one acoustic resonator is 
connected in a shunt connection between one end of an acoustic resonator 
connected between the first input and the first output of the full ladder 
structure and one end of an acoustic resonator connected between the second 
input and the second output of the fioll ladder structure. 

Values for the resonator elements are chosen so that the passband 
includes the receive band frequencies. At the transmit band firequencies, the 
shunt elements, ARE 33 and ARE 34, provide a short circuit to a reference 
voltage. As indicated before, halvm 15 (shown in Figure 1) will transform 
this rather capacitive short circuit into an open circuit at the transmit band 
fi-equencies. This implementation of differential filter 16 could be modified, 
for example, to include more or fewer paired half ladder segments or full 
ladder segments. 

Figure 4 is a simplified block diagram of another possible 
implementation of differential filter 16. Differential filter 16 is shown to 
include an acoustic resonator element (ARE) 43, an acoustic resonator 
element 44, an acoustic resonator element 45, an acoustic resonator element 
46, an acoustic resonator element 47 and an acoustic resonator element 48. 
For example, each acoustic resonator element is a film bulk acoustic 
resonator (FBAR). Alternatively, each acoustic resonator element can be 
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another type of acoustic resonator element such as a surface acoustic wave 
(SAW) element. 

The implementation of differential filter 16 shown in Figure 4 
includes a full ladder segment that includes ARE 43, ARE 45 and ARE 44. 
The implementation of differential filter 16 shown in Figure 4 also includes 
a full ladder segment that includes ARE 46, ARE 47 and ARE 48. Values for 
the resonator elements are chosen so that the passband includes the receive 
band frequencies. At the transmit band frequencies, the shunt element ARE 
43 provides a short circuit between input 31 and input 32. As indicated 
before, balun 15 (shown in Figure 1) will transform this rather capacitive 
short circuit into an open circuit at the transmit band frequencies. This 
implementation of differential filter 16 can be modified, for example, to 
include more or fewer full ladder segments. 

Figure 5 is a simphfied block diagram of another possible 
implementation of differential filter 16. Differential filter 16 is shown to 
include an acoustic resonator element (ARE) 51, an acoustic resonator 
element 52, an acoustic resonator element 53 and an acoustic resonator 
element 54. For example, each acoustic resonator element is a film bulk 
acoustic resonator (FBAR). Alternatively, each acoustic resonator element 
can be another type of acoustic resonator element such as a surface acoustic 
wave (SAW) element. 

The implementation of differential filter 16 shown in Figure 5 
includes a single lattice segment. A lattice structure is a structure in which 
at least one acoustic resonator element is connected in a series connection 
between every input and every output of the lattice structiure. Values for the 
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resonator elements are chosen so that there is a capacitive short circuit 
between input 31 and input 32 at the transmit band frequencies. Because 
this lattice implementation of differential filter 16 can only be a short in the 
reject band, this lattice implementation can only be used as the input of only 
5 one of a pair of frequency offset filters. As indicated before, balun 15 (shown 
in Figure 1) will transform this rather capacitive short circuit into an open 
circuit at the transmit band frequencies. This implementation of 
tf differential filter 16 can be modified, for example, to include more lattice 

■ segments. Additionally, this implementation of differential filter 16 could 

i 10 be modified, for example, to include one or more paired half ladder 
s segments and/or one or more full ladder segments. 

ry In alternative embodiments, differential filter 16 can be implemented 

W differently provided differential filter 16 provides a short circuit at the 

O 

transmit band frequencies of duplexer 10. In alternative embodiments, 
15 balun 15 can be implemented other ways, for example, through the use of 
lumped equivalents. 

Figure 6 shows an example of baltm 15 being replaced by a balun 60 
that uses lumped equivalents. When replacing balim 15, balun 60 is 
connected to input/output 11, balun output 31 and balun output 32. Balun 60 
20 includes an inductor 61, an inductor 62, an inductor 63, a capacitor 64 a 

capacitor 65 and a capacitor 66 connected to input/output 11, balun output 31, 
balun output 32 and a reference signal 67 as shown. 

The foregoing discussion discloses and describes merely exemplary 
methods and embodiments of the present invention. As will be understood 
25 by those familiar with the art, the invention may be embodied in other 
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specific forms without departing from the spirit or essential characteristics 
thereof. Accordingly, the disclosure of the present invention is intended to 
be illustrative, but not limiting, of the scope of the invention, which is set 
forth in the following claims. 
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